Objective: This study aimed to investigate the effects of a simulation-based curriculum for ward-based care on ward round (WR) performance. Background: Variability in surgical outcomes does not relate to surgical skill alone. Prevention, diagnosis, and treatment of peri-and postoperative morbidity are dependent on provision of high-quality ward-based care. The focal point of this is the surgical WR. Although WR conduct is learned primarily through experience, a simulated environment and validated assessment tools may enable measurement and enhancement of WR quality. Methods: Junior surgical residents were randomized either to a half-day educational intervention with lectures, structured feedback, and debriefing, or to standard practice (control). All conducted a standardized, validated, simulated WR of 3 patients. Surgical Ward Care Assessment Tool and W-NOTECHS rating scales were used for technical and nontechnical skills assessment, respectively, and compared between groups. Subjects completed pre-and posttest confidence questionnaires and feedback forms. Results: Twenty-nine trainees were randomized to intervention (n = 14) or control (n = 15). Baseline confidence and demographics were equal between groups. Intervention group demonstrated better patient assessment: 63.5 ± 8.1% (control) versus 79.8 ± 11.9% (P = 0.002), management 56.0% ± 19.7% versus 72.2 ± 10.3% (P = 0.014), and nontechnical skills: W-NOTECHS 17.75 ± 2.06 versus 23.33 ± 1.21 (P < 0.001). Hundred percent of subjects felt that the curriculum improved their practice. Conclusions: Conducting WRs is a crucial skill but not currently subject to formal training. Implementation of a comprehensive curriculum for surgical WRs led to significant improvement in quality of patient assessment, management, and nontechnical skills. Improved WR performance may lead to earlier identification and amelioration of complications and improve patient outcomes.
The key process in detection, amelioration, and prevention of postoperative complications is the surgical ward round (WR). The surgical WR is a complex and multifactorial process, typically representing the several daily minutes of interaction between surgeon, clinical team, and patient, during which the course of patient care for the following 24 hours is determined. 4 Skills required of the clinician include not only cognitive and psychomotor aspects such as the thorough assessment and appropriate management of the patient but also critical nontechnical skills such as communication skills, leadership, and the ability to effectively manage a multidisciplinary team. 5 Despite the complexity of the task, and its crucial role in patient care, the conduct of WRs remains a process learned through experience and emulation of others rather than formalized training and assessment. 4 Our group has previously reported on the variability of WR quality and the increased risk of preventable complications such as pneumonia or surgical site infection associated with poor quality WRs. 6 The need to improve WRs has been highlighted in recent calls to action by high-profile national bodies such as the Royal College of Physicians in the United Kingdom. 5, 7 However, to date, there has been little guidance on how this might be achieved.
Ongoing efforts to address this training gap have seen the development and validation of simulated wards as a training modality for ward-based surgical care. [8] [9] [10] The efficacy of simulation for surgical training is well established and has been widely integrated into curricula for technical skills training. 11, 12 The controlled environment of a high-fidelity surgical ward simulator allows reproducibility, dedicated educational feedback, and safety for both patients and trainees in a realistic environment. Although the simulated ward has been demonstrated to be an effective assessment tool, its potential as a training tool to improve practice has not previously been evaluated.
The aim of this study was to test the efficiency of a simulationbased curriculum to enhance ward-based surgical care. We sought to evaluate whether a simulation-based curriculum can improve key WR skills including patient assessment, patient management, and nontechnical team performance.
METHODS Subjects
Junior surgical trainees (senior house officers, residents in the first 2 years of surgical training) were recruited, representing the stage in training immediately before that at which trainees typically assume responsibility for daily WRs. All regional surgical trainees of this level were required to attend as part of a half-day training program. Only the intervention group completed the WR curriculum before the WR performance assessment; the control group conducted the WR according to its own standard practice. Controls received feedback and completed the curriculum afterward (shaded boxes).
Simulated
The intervention group completed the simulation-based curriculum, which included an assessed simulated WR of 3 patients later on the same day. At the end of the session, subjects in the intervention group also completed a standard feedback form. The control group did not receive any specific educational intervention but were given access to WR-related literature 5 before completing a WR of the same 3 patients as the intervention group. After this, they completed the educational aspect of the curriculum as part of the training session; this was postassessment and did not form part of the study results.
Simulation-Based Curriculum
The development of an evidence-based curriculum for surgical WRs and ward-based care has been described elsewhere. 13 Briefly, the curriculum is structured as a multimodular half-day training course, incorporating evidence-based training and assessment tools for the conduct of surgical WRs and the assessment and management of surgical patients. Trainees take part in lecture and discussion sessions where best-practice principles are introduced. Emphasis is placed upon generic care processes such as a structured approach to patient assessment and management and the role of the primary clinician to lead the round, communicate, and delegate appropriately. Video examples of good and bad quality WRs are given during the didactic sessions, which are followed by a simulated assessed WR. Trainees also take part in a structured debriefing session, 14 receiving videobased feedback and faculty-led formative and summative assessment. The intervention (curriculum) group did not receive any specific information regarding the assessment tools being used, or specific behaviors being assessed, beyond the discussion of basic principles of thorough patient assessment and management, nor were they familiar with the simulated WR before they conducted the assessed WR.
Simulated Ward Environment
The WR was conducted in the simulated ward at the Surgical Innovation Centre, St Mary's Hospital, United Kingdom, a highfidelity environment that includes realistic background "white noise" recorded from an actual ward and integrated digital camera recorders ( Fig. 2 ). Subjects were accompanied by a nurse and an intern, both faculty confederates, and assessed 3 standardized patient scenarios portrayed by trained medical actors matched to each patient's age and sex. Each scenario was previously validated 15 and developed on the basis of real patients and in conjunction with surgical experts. In addition to history taking and examination, trainees were able to access realistic pathology results, radiology results, and paper medical records as required. Scenarios reflected common general surgical presentations that trainees would be expected to be able to appropriately manage. Patient 1 was an elderly patient 5 days postcolectomy, with sepsis and probable anastomotic leak. Patient 2 was a young female patient emergently admitted with appendicitis, and patient 3 was a middle-aged female patient with acute pancreatitis. Trainees were limited to 30 minutes for completion of the WR to also introduce an element of temporal stress, with the time limit based on previous pilot data in which trainees took a median of 33 minutes to complete the same scenarios. 15
Assessment Methods
Ward round performance was assessed using the Surgical Ward Care Assessment Tool (SWAT). 15 Surgical Ward Care Assessment Tool is a validated tool that gives a percentage score on the basis of the completion of generic patient assessment and management tasks applicable to surgical WRs, such as abdominal examination, or prescription of dietary status.
Teamwork and nontechnical skills were assessed with the nontechnical skills score for ward-based care (W-NOTECHS), a validated 16 scoring system that measures nontechnical performance across 5 behavioral domains such as communication and leadership. Context-specific exemplar behaviors guide scoring on a 1 to 5 scale for each, for a possible score of 5 to 25. 15 In addition to a primary rater with expertise in nontechnical skills assessment, 30% of subjects (selected via a computer-generated randomization sequence) were also W-NOTECHS rated via video review by a second rater blinded to the subject's group allocation.
Surgical Ward Care Assessment Tool and W-NOTECHS scores were also compared against performance benchmarks set by senior trainees (median score for 9 ST5-8 trainees, equivalent to senior residents) in a previous study incorporating the same scenarios to gauge the learning effect of the simulation-based curriculum compared with experiential practice. 15 Post hoc identification of clinical errors or risk events was performed by 2 clinician observers, with discrepancies resolved via consensus. Pre-and posttest Likert scale confidence questionnaires (Appendix 1) were also used to examine trainee skills and attitudes.
Likert scale and free-text responses to the course feedback form from trainees in the intervention group were summarized.
Statistical Analysis
All data were anonymized and entered into an Excel (Microsoft Corp, Redmont, VA) spreadsheet and analyzed in SPSS (IBM Corp, Armonk, NY). Mann-Whitney U test was used to compare data between groups. A χ 2 test was used to compare the number of scores above and below benchmark values in each group. A P value of less than 0.05 was considered statistically significant.
RESULTS
A total of 30 trainees were recruited. One was unable to attend the planned session and not included in the study. Twenty-nine trainees were randomized to either control (n = 15) or intervention (n = 14) arms. There were no differences between control and intervention groups for sex (male:female ratio 9:6 vs 8:6, P = 0.88) or training grade, CT1:CT2 ratio (first or second year of surgical training) 9:6 versus 8:6, P = 0.35.
WR Performance
Surgical Ward Care Assessment Tool scores (Table 1) were significantly higher in the intervention group for patient assessment (control 63.5 ± 8.1% vs intervention 79.8 ± 11.9%, P = 0.002) and management (56.0 ± 19.7% vs 72.2 ± 10.3%, P = 0.014) components and for overall SWAT scores (59.8 ± 17.9% vs 72.4 ± 10.8%, P = 0.001) ( Fig. 3) .
Nontechnical skills were assessed using W-NOTECHS. Ten of 29 (34%) subjects were rated by a blinded second clinician via video review, with excellent interrater reliability (Cronbach α = 0.814). Nontechnical skills performance (see Table 2 ) was significantly higher in the intervention group (17.8 ± 2.1 vs 23.3 ± 1.2, P < 0.001). For individual behavioral domains of W-NOTECHS, the greatest differences were seen for leadership, cooperation/resource management, and communication/interaction, with no significant differences for assessment/decision making or global awareness/stress management.
Comparison to Senior Trainee Cohort
When comparing junior resident performance against existing performance benchmarks 15 for senior residents (Fig. 2) , 27% of control versus 79% of intervention group residents exceeded benchmark levels for patient assessment SWAT scores (P = 0.005). Similar results were seen for the patient management component of SWAT (0% vs 43%, P = 0.004) and overall SWAT scores (13% vs 64%, P = 0.005), and W-NOTECHS scores (7% vs 85%, P < 0.001) (Appendix 2 and 3).
Clinical Errors
Post hoc analysis of video recorded performances identified clinical errors, which placed patients at risk of harm or may have delayed diagnosis or treatment. Examples included the prescription of penicillin-based antibiotics despite documented allergy, failure to confirm pregnancy status in a young female presenting with abdominal pain, or not specifying a dietary status of nothing by mouth in a patient to be scheduled for the operating room. Although fewer errors per WR were recorded for the intervention group, this was not statistically significant (control 5.3 ± 2.0 vs intervention 4.0 ± 2.0, P = 0.112).
Confidence Questionnaire
Ninety-seven percent (28/29) of subjects completed both preand posttest confidence questionnaires. No significant differences between groups were found, all P values greater than 0.1.
Course Feedback
All subjects in the intervention group completed the feedback questionnaire (100% response rate). Feedback was excellent across all statements ( Table 3 ). All respondents felt that completion of the curriculum was relevant and would improve their clinical practice. Hundred percent (14/14) of respondents enjoyed the training session and would recommend it to colleagues. In free-text responses naming the best parts of the session, residents cited the realism of the simulation (86%, 12/14 responses), quality of the didactic session (36%, 5/14), and video feedback (3/14, 21%). A single negative response to the curriculum was given, citing "simulation" as the worst part of the course--however, this subject also subsequently listed the realism of performing a full WR in a training environment as the best part of the course.
DISCUSSION
This study represents the first trial to examine valid training interventions for the delivery of ward-based surgical care. It establishes the feasibility of using a simulation-based training curriculum within the context of existing surgical residency programs for the central process of ward-based care, the surgical WR. Furthermore, it demonstrates how the introduction of a comprehensive training curriculum for WRs can result in significantly improved performance in junior trainees with regard to the thoroughness of patient assessment and management plan and quality of interaction within the clinical team.
The introduction of a systematic approach to the patient, as part of a simulation-based WR curriculum, resulted in a more thorough assessment as reflected by higher SWAT assessment scores, potentially leading to earlier detection and treatment of complications in the clinical environment. The management of patients also improved, evidenced by higher SWAT management scores. However, the mechanisms to achieve improvement in assessment and management are inextricably linked. First, improved patient assessment may simply lead to increased detection of morbidity, resulting in more appropriate management. Second, if nontechnical skills can be improved, this may in turn improve overall performance, 17 for example, through appropriate delegation of tasks to reduce distractions to the primary clinician, or the enabling effect to communicate management plans to the rest of the team. Finally, adopting a structured approach to assessment and management may also have the effect of reducing the cognitive burden on the clinician, allowing a more holistic consideration of the patient. Although we did not explicitly measure cognitive burden in this trial, the reduction of a task's cognitive burden has been used as a marker of proficiency in other areas of surgical skills assessment. 18 Although teamwork, leadership, and managerial skills are crucial element of WRs, 4, 5 these are potentially also the skills least cultivated in junior trainees. Although interns will be accustomed to independently assessing patients and establishing basic management plans, the transition to a more senior role in which they must lead a WR and multidisciplinary team can be a daunting one. The importance of nontechnical skills has been demonstrated in other contexts, with nontechnical skills interventions shown to result in improved teamwork and error reduction in the operating room environment. 19, 20 As part of a comprehensive approach, the WR training curriculum implemented purposefully avoided focusing on (sub-)specialty-or patient-specific skills. Rather, the didactic session stressed generic nontechnical skills, and a structured and thorough approach to WRs in general, backed by current evidence and expert guidelines, 13 resulting in an improvement in nontechnical skills as measured by W-NOTECHS.
A recent study by Birkmeyer et al 21 reported that higher ratings of teamwork were associated with decreased complication rates after bariatric surgery. Such data underscore the importance of improving WR quality in the current Halstedian system of learning and are particularly poignant for junior residents who have less experience to draw upon when conducting WRs. However, in this study, many junior trainees were able to achieve levels of WR performance similar, or even superior, to trainees at least 3 years more senior. Comparison of scores demonstrated the potential of a curriculum for WRs to flatten the learning process, with almost two-thirds of junior residents meeting benchmarks previously set by senior trainees after exposure to the simulation-based curriculum.
Limitations of this study include a lack of baseline WR testing and a lack of further WR assessment after debriefing and feedback. However, we feel that the number of participants, the fact that all were junior trainees with minimal WR experience and that all were within a 12-month range of each other in clinical experience, should negate this. In addition, pretest confidence questionnaires were statistically equal. The provision of a second WR assessment was not possible in the context of half-day training session but would ideally be considered in future studies. However, for this study, the desire was to implement a curriculum that could be realistically incorporated into existing curricula. As such, it was adapted to a currently utilized model for technical skills training, which incorporates halfday training sessions. Although full blinding of assessments was not possible in this randomized trial, the SWAT is by definition an objective checklist measure of performance and vulnerability to bias is low. To avoid bias in subjective W-NOTECHS ratings, the second assessor reviewed video recordings without knowledge of the trainee's group allocation and did not know the trainees personally.
Competing clinical priorities, such as operating room schedules and routine interruptions through pages and phone calls, can result in the surgical WR being de-prioritized. 4 Considering the known variability in ward-based care and resulting surgical outcomes, 2 combined with critical role of WR process in daily management of patient, the explicit inclusion of WRs in the modern paradigm of surgical training is past-due. Trainees commented that they appreciated the opportunity to receive formalized feedback in an area they would not receive training ordinarily, reflecting that trainees may be unprepared to take on the responsibility of conducting WRs independently. 8 With proficiency-based progression and training for technical skills now taking hold, 22 it is time to consider and implement these for WR performance too.
CONCLUSIONS
This study shows ability of a simulation-based curriculum to assess, inform, and improve clinician's performance in surgical WRs. Along with these promising results, it is important to note that it was universally well received by trainees who participated, despite several informally citing a degree of cynicism and "simulation fatigue" beforehand. Further assessment of the curriculum and its effect on skill in both simulated and clinical environments is required, including consideration of skill retention and generalizability to other centers. On the basis of this initial cohort, however, conducted in a highfidelity, validated environment, this study presents an important tool to assess and improve practice, and potentially outcomes, in a critical area of the surgical pathway of care.
